In order to reduce environmental loads such as primary energy consumption and carbon dioxide emission, optimizing energy utilization systems in terms of the effective utilization of thermal energy, is an unavoidable process. We considered the effective introduction of the cogeneration system (CGS) on Keio University Shonan Fujisawa Campus (SFC) under the condition of power transmission to another campus. First of all, we clarified the energy demand into categories of power, heating, and cooling, in the previous paper. The energy utilization systems, including the CGS, are assessed on the exergy balance between demand and supply, in the second step. Finally, we examined the effectiveness of the systems by maximally utilizing the exhaust heat on SFC, and the power transmission to another campus. As a result, the annual primary energy consumption and carbon dioxide emission could be reduced by 8 % and 26 % respectively compared to the existing system. Furthermore, the peak power load on the commercial grid could be leveled through the year, by the proposed manner of introducing and operating the CGS.
Introduction
Reducing the carbon dioxide emission is a pressing issue, as decided on the third session of the conference of the parties to the united nations framework convention on climate change (COP3). Japan promised to reduce the emission by 6 % during the period of 2008 to 2012 compared to 1990. As one of approaches to achieve the target, we consider the optimization of energy utilization systems.
We study on the effective energy utilization by grouping or networking the multiple demand and supply sides including the cogeneration system (CGS) (1) - (3) by a part of the proposing concept, the cluster energy management system (CEMS). The CEMS is an approach to construct optimum energy utilization systems by clustering the energy demand, facilities, buildings, or communities. The energy conservation effect of the CGS has already been reported, by combining the energy demand between two buildings (4) , and by the CGS power transmission between users (5) - (7) .
To optimize the energy utilization systems, clarifying the energy demand such as power, heating, and cooling is necessary first. After that, we optimize the combination of equipments based on the exergy balance between demand and supply. With the background, we investigated the energy consumption and clarified the energy demand on Keio University Shonan Fujisawa Campus (SFC) in Ref. (8) . In this paper, we examine the energy utilization systems on SFC based on the actual energy demand, and study on the effect of the CGS power transmission to another campus, Keio University Yagami Campus. 
Energy Demand on SFC and Yagami Campus

Outline of SFC
SFC is located at Fujisawa-shi, Kanagawa-ken, Japan. Situated in a suburban area, SFC is the home to the Faculties of Policy Management and Environmental Information since 1990. Now, there are approximately 5,000 students and 200 faculty members. SFC consists of various buildings such as lecture, laboratory, office, co-op, and media center in a large space. The floor-area ratio of the whole SFC is about 21 %.
The power demand on SFC is met by the receiving power from the commercial grid and generated power of the gas engine CGS (300 kW x 2 sets). The contract demand of the receiving power is 2,200 kW, and the power receiving facilities at SFC is designed at high voltage of 6,600 V. The introduction of the CGS makes it possible to avoid receiving the commercial grid power at extra high voltage, e.g. 22,000 V.
The heating and cooling energy for air conditioning is supplied by three kinds of heat source equipments, namely, the gas-fired absorption heater chiller (AHC), vapor compression heat pump chiller (VC), and packaged air conditioner (PAC). The VC and PAC system supply the energy within the building where they are installed. On the other hand, the AHC in a central air conditioning system, is supplying the energy to various buildings along a plumbing by the circulating water pump (CWP). The CGS exhaust heat is reutilized as heat source for the central air conditioning system, through the heat exchanger (HEX) in winter or absorption chiller (AC) in summer. The total rated values of these air conditioning facilities are listed in Table 1 . 
Outline of Yagami Campus
Yagami Campus is located at Yokohama-shi, Kanagawa-ken, Japan. The campus is the home to the Faculty of Science and Technology since 1972. Now, there are approximately 6,300 students and 440 faculty members. There are various types of building on Yagami Campus, such as lecture, laboratory, office, co-op, media center, information technology center, and machining workshop. The floor-area ratio of the whole Yagami Campus is about 89 %. The power demand on Yagami Campus is met by the receiving power from the commercial grid and generated power of the gas engine CGS (300 kW x 2 sets). The contract demand of the receiving power is 3,400 kW, and the power receiving facilities at Yagami Campus is designed at extra high voltage of 22,000 V. The time-dependent receiving power from the commercial grid (Wgrd) of Yagami Campus, during the period of November 2004 to October 2005, is shown in Fig. 1 
Actual Energy Consumption
In order to optimize the energy utilization systems, the information about energy demand is necessary. We carried out the investigations of the annual energy consumption on SFC during the period of November 2004 to October 2005 (8) , and on Yagami Campus during the period of April 2005 to March 2006. The investigations revealed the annual energy consumption about receiving power from the commercial grid in the nighttime of 22:00 to 8:00 (Wgrd,nt), that in the daytime of 8:00 to 22:00 (Wgrd,dt), gas consumption of the CGS (Vgas,CGS) and AHC (Vgas,AHC), as listed in Table 2 . 
Estimation of Energy Demand on SFC
The energy demand is important information for optimizing the capacity of equipments, because the efficiency of the equipments greatly depends on the demand. In Ref. (8), we estimated the time-dependent power, heating, and cooling demand (Wdmn, Qhtn,dmn, and Qcln,dmn) on SFC, by two methods shown in Fig. 2 Figure 2 (a) shows a method to estimate the energy demand under the condition of the existing facilities on SFC, which we call 'Demand A'. In this method, Wdmn is the sum of the receiving power from the commercial grid (Wgrd) and CGS net power output (WCGS). Qhtn,dmn and Qcln,dmn can be derived by the gas consumption and COP of the AHC (Qgas,AHC, COPAHC), the gas consumption and exhaust-heat-reutilization efficiency of the CGS (Qgas,CGS, ηCGS,exh). shows a method to estimate the energy demand, assuming that the facilities can be redesigned to reutilize the CGS exhaust heat maximally, which we call 'Demand B'. In this method, the power consumption of VC and PAC (WVC, WPAC) are separated from Wdmn, and they are converted to Qhtn,dmn or Qcln,dmn, by using the COP of VC and PAC (COPVC, COPPAC).
In the case of Demand A, WVC and WPAC are included in Wdmn. On the other hand, Wdmn is the base power demand (Wbs) such as lighting, outlet, or motive energy, i.e. the heating and cooling demand supplied by the VC and PAC are regarded as Qhtn,dmn or Qcln,dmn together with those supplied by the AHC and CGS exhaust heat, in the case of Demand B. 
System Design of Energy Utilization System on SFC and Yagami Campus
Simulation of Energy Utilization System on SFC and Yagami Campus
In order to enhance the effectiveness of the CGS, we consider grouping the campuses, by means of the CGS power transmission from SFC to Yagami Campus, as shown in Fig. 4 . In the system, the CGS is operated to meet the power demand on SFC first. If the power demand on SFC is less than the CGS capacity, the CGS supplies the power to Yagami Campus, for the purpose of avoiding partial load operation.
We assume to introduce each one unit of five different capacities of the CGS (PCGS), as an alternative of the existing CGS (300 kW x 2 sets). The CGS is defined as a system including the gas engine (GE), heat exchanger (HEX), and absorption chiller (AC). As for the rated value and partial load performance of the CGS, we referred to or calculated based on the manufacturer's catalogs, as listed in Table 3 . The 300 kW CGS, which is the existing equipment at SFC, is also listed in Table 3 as the existing reference. As for SFC, the power demand (Wdmn) and power consumption of the AHC (WAHC), VC (WVC), and PAC (WPAC) are 500 1,000 met by the receiving power from the commercial grid and CGS power as,
where, Wtrn is the transmitted CGS power from SFC to Yagami Campus, Qgas,CGS is the gas consumption of the CGS converted to primary energy on HHV basis, ηCGS,pwr is the power-generation efficiency of the CGS, and 3.6 in Eq. (2) is the conversion factor of 1 kWh to 3.6 MJ. The minimum admissible load factor of the CGS is set to 30 %, and power transmission loss is set to 3 %. Wgrd of Yagami Campus can be reduced according to Wtrn. The exhaust heat of the CGS (Qexh,CGS) is reutilized as the heat source for the air conditioning at SFC, in form of heated water of 57.5 °C through the HEX in winter or chilled water of 7 °C through the AC in summer. The deficit energy for the air conditioning is supplied by the AHC or VC, whose rated values and partial load performance are listed in Tables 4 and 5 , respectively. We referred to Ref. (9) for the partial load performance of the AHC and VC. The ambient temperature dependent performance of the VC is derived by using Vapor Compression Cycle Design Program (10) . The air conditioning demand (Qa/c,dmn) on SFC is met by the CGS exhaust heat, AHC, VC, and PAC as,
where, ηCGS,exh is the exhaust-heat-reutilization efficiency of the CGS, Qgas,AHC and COPAHC are the gas consumption and COP of the AHC, WVC and COPVC are the power consumption and COP of the VC, WPAC and COPPAC are the power consumption and COP of the PAC, respectively. The power-generation efficiency (ηCGS,pwr) and exhaust-heat-reutilization efficiency (ηCGS,exh) of the CGS can be derived by,
where, WCGS is the CGS net power output without CGS auxiliary power. In Japan, the nuclear power plants operate at rated power output through a day, to meet the base power demand. The petroleum and LNG combined power plants, which mainly operate in the daytime, meet the peak and middle power demand, respectively. Recently, the capacity of the commercial grid power plants is increasing, according to the increment of the peak power demand. While, the capacity utilization ratio of the power plants is decreasing. This means that the petroleum power plants, whose environmental loads are high, are imposed to operate only during the daytime for supplying the peak power.
To curtail the peak power load and increase the capacity utilization ratio of the commercial grid power plants, introducing the CGS as alternatives of the petroleum power plants is one suitable solution. Not only the CGS power output but also its exhaust heat reutilization for air conditioning or hot-water supply, leads to the curtailment of the peak power load on the petroleum power plants. With the background, we assume that the CGS operates from 8:00 to 22:00 as alternatives of the petroleum power plants, and all the power demand from 22:00 to 8:00 is met by the commercial grid power. We use the values of hrgrd and ergrd, as listed in Table 6 . Table 6 Basic unit of environmental load of commercial grid power. 
Examined System in Simulation
We examine two systems without CGS (0kW (AHC) and (VC)), two systems with CGS (Systems A and B), and compare to Existing system, as listed in Table 7 .
In the case of System B, the power consumption of the circulating water pump (CWP), air handling unit (AHU), and fan coil unit (FCU) in the central air conditioning system will increase, due to the expansion of the CGS exhaust heat reutilization. We calculate them based on the rated values of the existing facilities listed in Table 1 , according to the heating and cooling demand. : The CGS is not introduced, and all the air conditioning demand on SFC is met by the VC in Table 5 . -System A : One of five different capacities of the CGS in Table 3 is introduced. The CGS exhaust heat is reutilized within the central air conditioning system on SFC. The CGS power transmission is not considered. -System B : One of five different capacities of the CGS in Table 3 is introduced. The CGS exhaust heat is maximally reutilized for air conditioning on SFC. The CGS power transmission to Yagami Campus is considered.
Evaluation Index
We use the primary energy consumption (Qprm) and carbon dioxide emission (mCO2) as evaluation indexes. The values of Qprm and mCO2 per day can be derived by, 
where, hHHV is the higher heating value of gas (46.0 MJ/Nm 3 ), and ergas is the basic unit of the carbon dioxide emission of gas (2.28 kg-CO2/Nm 3 ). We calculate Qprm and mCO2 every one hour, based on the power, heating, and cooling demand of 140 days (12 days per month, excluding 4 days due to data damage). The annual values of 365 days can be derived based on the results for 140 days. When the peak power demand is heavily dependent on the commercial grid power, the petroleum power plants would be imposed to operate for supplying the peak power demand during the daytime, and it results in the low capacity utilization ratio of the commercial grid power plants. We consider the load leveling of the commercial grid power is the most important index for introducing the CGS, from the macro viewpoint. We calculate the receiving power from the commercial grid (Pgrd [kW]) every one hour by, CGS dmn PAC VC AHC grd
where, PAHC, PVC, and PPAC are the power consumption of the AHC, VC, and PAC, Pdmn is the power demand such as lighting, outlet, and motive energy, and PCGS is the CGS net power output.
Evaluation of Energy Utilization System
Enthalpy and Exergy Analysis of Air Conditioning System
In order to evaluate the effectiveness of the CGS exhaust heat reutilization for air conditioning, the exergy analysis is effective. Figure 5 (a) and (b) show the annual enthalpy and exergy input for air conditioning on SFC (Qa/c and Ea/c) respectively. Ea/c of the CGS exhaust heat can be derived by, 
where, qm,hsw is the mass flow rate of the water heated by the CGS exhaust, and T0 is the ambient temperature. The temperature of 365.15 K (92 °C) and 356.15 K (83 °C) in Eq. (10) express the supplied and returned water temperature, at the inlet of the heat exchanger (HEX) in winter or absorption chiller (AC) in summer.
As shown in Fig. 5 (a) , Qa/c is the minimum in the case of 0 kW (VC). On the other hand, Ea/c can be reduced by utilizing the CGS exhaust heat, as shown in Fig. 5 (b) . This result means that it is reasonable for reducing the primary energy consumption to utilize the CGS exhaust heat for the heating and cooling demand. 
Thermal Efficiency Analysis of CGS
We calculate the power-generation efficiency (ηCGS,pwr) and exhaust-heat-reutilization efficiency (ηCGS,exh) of the CGS in Systems A and B. ηCGS,pwr is derived by Eq. (5), and ηCGS,exh is derived by Eq. (6), where ηCGS,exh is the ratio of Qexh,CGS to Qgas,CGS, which are described in Fig. 4 . Figure 6 (a) and (b) show the daily average of ηCGS,pwr and ηCGS,exh, for 112 weekdays when the 3,800 kW CGS is operated.
As shown in Fig. 6 (a) , ηCGS,pwr almost keeps the rated value in the case of System B, due to the CGS power transmission to Yagami Campus. ηCGS,exh can also be improved in the case of System B as shown in Fig. 6 (b) , by combining the power transmission and expansion of the CGS exhaust heat reutilization. show the reutilization of recovered exhaust heat, in the case of introducing the 3,800 kW CGS in Systems A and B, respectively, where Qexh,CGS is the reutilized CGS exhaust heat quantity as the heat source for air conditioning, at the outlet of the CGS, as described in Fig. 4 . The sum of Qexh,CGS, 'Heat loss of HEX or AC', and 'Not used' is the recovered exhaust heat from the CGS. In the case of System A in Fig. 7 (a) , Qexh,CGS increases in winter and summer as the energy demand for air conditioning is high, and it is zero in intermediate season around May and October. On the other hand, Qexh,CGS in System B in Fig. 7 (b) is 2.7 times more than System A, especially, Qexh,CGS in System B is Figure 8 (a) shows the annual primary energy consumption (Qprm) of SFC and Yagami Campus derived by Eq. (7), when one of five different capacities of the CGS (PCGS) in Table  3 is operated. Qprm of Existing is calculated from the measured energy consumption in Table  2 . In the case of System A, Qprm is the minimum when the 2,550 kW CGS is operated, while it is the minimum when the 3,800 kW CGS is operated in the case of System B.
Evaluation of Energy Utilization System
Primary Energy Consumption
Figure 8 (b) shows the comparison of the energy utilization systems, Existing, 0kW (AHC), 0kW (VC), System A, and System B in Table 7 . The reduction effect of Qprm is estimated to be 4 % in the case of System A with 2,550 kW CGS, and 8 % in the case of System B with 3,800 kW CGS, compared to Existing in which the low-efficiency CGS is installed and the CGS exhaust heat is reutilized within the existing central air conditioning system. From the result, a large-sized and high-efficiency CGS would be better for reducing Qprm by employing both power transmission and expanding the exhaust heat reutilization. Figure 9 (a) shows the annual carbon dioxide emission (mCO2) of SFC and Yagami Campus derived by Eq. (8), when one of five different capacities of the CGS (PCGS) in Table  3 is operated. mCO2 of Existing is derived from the measured data in Table 2 . In the case of System A, mCO2 is the minimum when the 2,550 kW CGS is operated, while it is the minimum when the 4,450 kW CGS is operated in the case of System B. Figure 9 (b) shows the comparison of the energy utilization systems, Existing, 0kW (AHC), 0kW (VC), System A, and System B in Table 7 . The reduction effect of mCO2 is estimated to be 11 % in the case of System A with 2,550 kW CGS, and 26 % in the case of System B with 4,450 kW CGS. The reduction effect can be great as above, when the CGS is properly introduced as alternatives of the petroleum power plants, as described in § 3.2. From the result, the power transmission system, combined with the appropriate reutilization of the CGS exhaust heat, is also effective for reducing the annual mCO2. Figure 10 shows the daily maximum receiving power from the commercial grid (Pgrd) on SFC and Yagami Campus derived by Eq. (9), for 113 weekdays. The daily maximum Pgrd of Existing was 5,297 kW at 15:00 on June 28, which was the hottest day of the year 2005. In the case of no CGS being introduced, 0kW (VC), the daily maximum Pgrd would be 6,775 kW at 12:00 on the same day. On the other hand, it can be curtailed by introducing the 3,800 kW CGS through the year. The values would be 3,344 kW in System A without CGS power transmission, and 3,035 kW in System B with CGS power transmission, at 23:00 on the same day. Figure 11 (a) and (b) show the receiving power from the commercial grid (Pgrd) on SFC and Yagami Campus respectively, on the hottest day. Pgrd during the daytime would be zero at SFC, when the 3,800 kW CGS is operated. Furthermore, Pgrd of Yagami Campus can be curtailed by 545 kW on average, by the CGS power transmission in the case of System B. 
Carbon Dioxide Emission
Load leveling of Commercial Grid Power
Conclusions
Based on the actual energy demand, we evaluated the energy utilization systems on SFC, with the CGS power transmission system from SFC to Yagami Campus. By estimating the energy demand appropriately with considering the exergy difference between power and thermal energy, the CGS exhaust heat could be maximally reutilized as the heating and cooling energy for the air conditioning on SFC. This reutilization led to the reduction of the primary energy consumption for the air conditioning on SFC.
Besides, the CGS power-generation efficiency could be improved by means of the power transmission from SFC to Yagami Campus. These improvements resulted in the reduction of the annual primary energy consumption and carbon dioxide emission of SFC and Yagami Campus by 8 % and 26 % respectively, compared to the existing system without the power transmission.
Furthermore, the peak power load on the commercial grid could be leveled through the year, by introducing the suitable capacity of the CGS. This load leveling is important to assist the optimum composition, and improve the capacity utilization ratio of the commercial grid power plants.
